Understanding the distribution, habitat preference and social structure of highly migratory 26 species at important life history stages (e.g., breeding and calving) is essential for 27 conservation efforts. We investigated the spatial distribution and habitat preference of 28 humpback whale social groups and singers, in relation to depth categories (<20 m, 20 -50 m, 29 and >50 m) and substrate type (muddy and mixed) on a coastal southeastern Pacific breeding 30 ground. One hundred and forty-three acoustic stations and 304 visual sighting were made at 31 the breeding ground off the coast of Esmeraldas, Ecuador. Spatial autocorrelation analysis 32 suggested singers were not randomly distributed, and Neu's method and Monte Carlo 33 simulations indicated that singers frequented depths of <20 m and mixed substrate.
INTRODUCTION
units present and follow the theme pattern to identify song structure (e.g., Garland et al. 2011 Garland et al. , 150 2012 Garland et al. , 2013a . When high quality song was present it was recorded for 30 min or more. 151 Other recordings, lasting from 5 to 15 mins, were carried out to confirm recording quality or 152 the absence of song. The locations of recordings with high quality, clear song were included 153 in spatial and habitat preference analysis for singers. 154 During each song recording and when whales were sighted, information on sea state, 155 geographic position, group size, presence of calves, underwater sounds, and behavior was 156 noted. Acoustic recordings were made with an H2a-XLR omnidirectional hydrophone substrate (composed of sand and rock, rock walls) and soft bottom (muddy channels). 175 Recordings with high quality song and group locations sighted within 100 m of the boat were 176 considered as independent events (MacLeod et al. 2007 ). The GPS position was used as a 177 proxy for animal position for all spatial analyses (n =154 social groups matched to depth 178 categories, and n = 137 to substrate categories). All spatial analyses and distribution maps 179 were analyzed using the Spatial Statistics toolbox of ArcMap, GIS 10.0. To analyze spatial distribution and habitat preference of singers, the locations of 183 recordings with clear, high quality songs were included in spatial analysis. The majority of 184 potential singers in this study were not visually identified (2 of 33 were identified during 185 recording); however, intense and low frequency sounds ("moans") that were present in all 186 recordings, together with the presence of whales close by (within a radius of 800 m), allowed 187 us to empirically estimate their position (see Cato et al. 2001) . Therefore, we assumed that 188 locations of recordings from singers with high quality song were likely to be within 1 km of 189 the boat in order to estimate a potential location for spatial analysis (Fig. 2) . We analyzed the 190 overall spatial autocorrelation of high quality song recordings using a global Moran's Index 191 to determine a clustered, dispersed, or random spatial distribution (Lloyd 2007) . We used 192 song location and song quality to analyze the broad spatial patterns of singers within the 193 study area (Getis and Ord 1992 analysis was used to explore the possibility of habitat preferences.
200
Social group distribution 201 Data from mother-calf and mother-calf-escort groups were combined into a single 202 category, called groups with a calf, due to data constraints (small sample size). An 203 exploratory Nearest Neighbor Analysis (NNA) using the cumulative spatial distribution of all 204 humpback whale group compositions and within social groups was carried out to explore the 205 distributions of social groups (uniform, random or clustered) within the study area (Table 4 ).
206
The NNA is expressed as a ratio of the observed distance divided by the expected distance 207 (based on a random distribution with the same number of data points) (Johnston et al. 2001, 208 Manly et al. 2002 et al. , Mitchell 2005 . to their availability (Neu et al. 1974; Randall and Steinhorst 1984) . We then created 217 Bonferroni confidence intervals to calculate the true proportion of utilization and expected 218 values for recording song from singers and social groups. We used confidence intervals (CI 219 95%) to determine whether whales exhibited "no preference" (the expected value was above 220 the confidence intervals), "neutral" (the expected value was inside the confidence intervals) 221 or "preference" (the expected value was below the confidence intervals) (see Cartwright et al.
225

RESULTS
226
Song recordings 227 Song was common in the study area and routinely recorded (5 of 143 recordings did 228 not detect song) through sampling in the three distinct depth categories <20 m, 20 -50 m, and 229 >50 m. Moran's Index spatial autocorrelation analyses suggested that the location of high 230 quality song recordings (n = 33) and thus singers, were not randomly distributed in our study 231 area (Moran's Index = -0.0231, expected Index = -0.0312, Z -Score = 0.2388, P < 0.811 3, 232 IC = 90%); singers displayed a dispersed distribution. Accordingly, the Monte Carlo 233 simulation and Neu's method (Table 5, 6; Fig. 3 ) indicated that high quality song was more 234 likely to occur in depths of <20 m and over a mixed substrate. For depths between 20 and 50 showed a random distribution, whereas singletons, pairs, and groups with a calf showed a 250 clustered distribution over particular depths and substrate types (Table 4 ; Fig. 2 ). The 251 clustered distribution within groups was not statistically significant (P > 0.05), except for 252 pairs (P< 0.01, index value = 1.026) (Table 4 ). Spatial analysis indicated a clustered 253 distribution with a slight segregation of social group types (i.e., groups with a calf, pairs, and 254 singletons) across the study area ( Fig. 2 ).
255
All social groups (singletons, pairs, groups with a calf, and competitive groups) were 256 sighted in depths of less than 20 m, and the majority of sightings for each social group were 257 over a mixed bottom type (Fig. 2 ). Neu's method indicated that expected depth values were 258 significantly different from observed values for singletons and groups with a calf (P <0.05).
259
Singletons and groups with a calf showed a significant preference for shallower water (<20 260 m), while pairs appear to present a neutral or no particular preference to depth (Table 5) .
261
Pairs and groups with a calf showed a particular preference for mixed bottom substrates, 262 supported by the significant difference in expected and observed values for substrate type 263 (P<0.05; Table 6 ). In comparison, the chi-squared goodness-of-fit test showed competitive 264 groups displayed no preference towards any particular substrate or depth ( spaced between other singers, with a higher density of singers in nearshore waters (e.g.,
292
Tyack 1981 , Frankel et al. 1995 . The explorative spatial analysis detected similar patterns in 293 our study. Singers displayed a significant habitat preference to mixed substrates and shallow 294 water <20 m (Table 5, 6). This may be the result of uneven sampling effort as most effort was 295 focused in shallower water. However, 40% of the acoustic sampling effort (n =143 samples) 
318
In addition, interactions of singers with surrounding social groups are likely to affect 319 their location (Whitehead and Moore 1982 , Smith et al. 2008 . Singers may simply be 320 broadcasting their songs in areas of higher whale density, using these core areas to increase 321 the probability of being heard. This aggregative behavior in higher density areas may explain 322 their wider distribution throughout the breeding ground in our study, whereas at a finer scale singers are located in the mid-depth range (10 -50 m) and over mixed substrate frequented by 324 females with or without a calf. Smith et al. (2008) found that singers could join a female with 325 a calf, supporting an intersexual function to song. However, singers could also attract rival 326 male competitors, potentially placing the singer at a disadvantage if this yielded competitive 327 interactions or hampered the biological effectiveness of each singer.
328
The spatial distribution and habitat preference of humpback whales on other wintering 329 grounds indicates that social group stratification and clustering occurs based on geographic 330 parameters (Rasmussen et al. 2007 , Bruce et al. 2014 . From our limited data, groups with a 331 calf (mother-calf pairs and mother-calf-escort groups) displayed a clustered distribution, and 332 showed a preference for shallow water less than 20 m (79%), and mixed substrates (70%), (*) Bonferroni confidence intervals were used to determine habitat preference, detecting significant differences between availability and usage. 606 (**) npi = expected proportion. 607
Depths are used in proportion to their availability (no preference) as tested by Chi-square goodness-of-fit test. 608 
